High-Flow Nasal Cannula May Not Reduce the Re-Intubation Rate
Compared With a Large-Volume Nebulization-Based Humidifier
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BACKGROUND: High-flow nasal cannula (HFNC) therapy may reduce the re-intubation rate
compared with conventional oxygen therapy. However, HFNC has not been sufficiently com-
pared with conventional oxygen therapy with a heated humidifier, even though heated humidifi-
cation is beneficial for facilitating airway clearance. METHODS: This study was a single-center,
open-label, randomized controlled trial. We randomized subjects with respiratory failure after
extubation to either HFNC group or to a large-volume humidified nebulization-based nebulizer.
The primary end point was the re-intubation rate within 7 d after extubation. RESULTS: We
could not recruit enough subjects for the sample size we designed, therefore, we analyzed 69 sub-
jects (HFNC group, 30 subjects; nebulizer group, 39 subjects). The re-intubation rate within 7 d
was not significantly different between the HFNC and nebulizer groups (5/30 subjects [17%] and
6/39 subjects [15%], respectively; P > .99). P,o,/set Fio, at 24 h after extubation was also not sig-
nificantly different between the respective groups (264 = 105 mm Hg in the HFNC group vs 224
* 53 mm Hg in the nebulizer group; P = .07). CONCLUSIONS: Compared with a large-volume
nebulization-based humidifier, HFNC may not reduce the re-intubation rate within 7 d. However,
because of insufficient statistical power, further studies are needed to reach a conclusion. Key
words: respiratory insufficiency; respiratory therapy, tracheal extubation, weaning,; high-flow nasal
cannula; humidification; ventilators; oxygen inhalation therapy, hypoxia; re-intubation. [Respir Care
2020;65(5):610-617. © 2020 Daedalus Enterprises]

Introduction

High-flow nasal cannula (HFNC) oxygen therapy pro-
vides high-flow gas delivery compared with conventional
devices. High-flow delivery of gas in HFNC is achieved by
means of a heated humidifier. Thus, HFNC has two
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advantages: heated humidification and mild positive airway
pressure due to high flow. Because of the high flow, the set-
tings for the HFNC device are more precise in terms of
Fio, than are other devices.! HFNC is also expected to
have the effects of reducing the work of breathing”> and
of improving alveolar recruitment® by using a mild posi-
tive airway pressure.”®
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Maggiore et al’ conducted a randomized controlled
trial to compare the effectiveness of HFNC versus an air-
entrainment mask after extubation in adult subjects with re-
spiratory failure. The primary outcome of their study was
P,o,/setFio, at 24 h after extubation, which was signifi-
cantly higher in the HFNC group. The set Fio, was defined
as the set Fio, in oxygen therapies. The re-intubation rate, a
secondary outcome, was also significantly lower. In addi-
tion, a multi-center randomized controlled trial recently
showed a significantly reduced re-intubation rate with
HENC versus nasal cannula or non-rebreather face mask
in subjects who are critically ill and at low risk of re-
intubation."

In these 2 trials®'® however, HFNC therapy was com-
pared with conventional oxygen therapies without a
heated humidifier. For this reason, we believe that the sub-
jects benefitted from the effectiveness of not only high
flow but also heated humidification at the same time.
Humidification of gas delivered to patients is beneficial for
improving airway clearance.'' Given that the re-intubation
rate for airway failure was lower in the HFNC groups in
the 2 trials,”'* humidification with HFNC may have had a
major impact on the outcomes. We considered that conven-
tional oxygen therapies with a heated humidifier may be
adequate without the need for high flows. Therefore,
HENC therapy should be compared with oxygen therapy
using a heated humidifier, such as a large-volume nebuliza-
tion-based humidifier, to evaluate whether high-flow gas is
necessary to prevent re-intubation. A large-volume nebuli-
zation-based humidifier is a large-volume nebulizer that
aerosolizes heated sterile water and delivers the aerosol to
the patient via an adjustable Venturi valved connector. We
hypothesized that HFNC therapy after extubation could
reduce the re-intubation rate compared with a large-volume
nebulization-based humidifier.

Methods
Study Design

This study was a single-center, open-label, random-
ized controlled trial conducted in an ICU in Japan. The
ethics committee of our hospital approved the study,
and written informed consent was obtained from the
subjects or a proxy.
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QUICK LOOK

Current knowledge

High-flow nasal cannula (HFNC) therapy could reduce
the re-intubation rate compared with conventional oxy-
gen therapies without a heated humidifier. However,
HENC has not been sufficiently compared with con-
ventional oxygen therapy with a heated humidifier,
even though heated humidification is important to
facilitate airway clearance.

What this paper contributes to our knowledge

Compared with a large-volume nebulization-based
humidifier, HFNC may not reduce the re-intubation
rate within 7 d after extubation in subjects with respi-
ratory failure.

Inclusion and Exclusion Criteria

Patients age = 18 y who had received conventional me-
chanical ventilation for >24 h in the emergency department
were screened for enrollment. Patients were eligible for
inclusion if they successfully passed a spontaneous breath-
ing trial (SBT) and had a P,o,/set Fio, < 300 mm Hg within
3 h before extubation. Exclusion criteria were as follows: (1)
difficulty with attaching the device safely, (2) pregnancy, (3)
tracheostomy before enrollment, (4) pneumothorax without
drainage, and (5) do-not-intubate order.

We evaluated whether extubation was possible accord-
ing to SBT criteria based on a previous review.'? The
recommendations of the relevant Japanese academic
societies set individual thresholds for the SBT (https://
www.jsicm.org/pdf/kokyuki_ridatsul503b.pdf, Accessed
March 10, 2019). First, the SBT was started with the fol-
lowing ventilator settings: Fjo, = 0.4, intermittent manda-
tory ventilation rate = 2 times/min, and pressure support =
3 cm H,0. Second, the subjects were observed for 30—120
min while on a T-piece or with CPAP of = 5 cm H,O. If all
of the following conditions were satisfied during the SBT,
we considered it to be successful and then carried out extu-
bation: breathing frequency = 35 breaths/min; Sy0, = 90%;
heart rate = 140 beats/min or a change in heart rate of
< 20% from baseline; systolic blood pressure = 90 mm
Hg and = 180 mm Hg; tidal volume = 5 mL/kg; no signs
of discomfort, anxiety, and/or sweating; and breathing
frequency/tidal volume = 105 breaths/min/L.

Treatment Protocols
Before extubation, all the subjects were randomized to

receive oxygen therapy via HFNC (HFNC group) or a
large-volume nebulization-based humidifier (nebulizer
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Emergency department
patients screened
269

Excluded
182
Pao,/Fio, ratio 2300: 65
Impossible to extubate: 114
Extubation without SBT: 3

Patients assessed
for eligibility
90

Excluded

15
Did not consent: 6
Tracheostomy: 1
Facial trauma: 2

DNI: 6
Subjects enrolled
72
HFNC Nebulizer
32 40

Inadequate written consent: 1

Lack of device: 1 —>| Cancellation of extubation: 1 |

Analyzed Analyzed
30 39

Fig. 1. Flow chart. SBT = spontaneous breathing trial; DNI =
do-not-intubate; HFNC = high-flow nasal cannula.

group). Randomization was done by independent staff
according to a computer-generated assignment table.
After extubation, we assigned the following protocol
treatments to each subject according to the allocation.
In both groups, we set the temperature of the heated
humidifier according to the manufacturer’s instructions.
For the HFNC group, the initial set Fjo, was 0.4, and the
flow through the nasal cannula was 50 L/min. For the neb-
ulizer group, a large-volume nebulization-based humidi-
fier and a mask shaped to cover the lower half of the face
were used. The initial setFip, was 0.4, and the flow was
adjusted according to tidal volume. setFjo, was desig-
nated to be automatically set by each device. However,
for low-flow oxygen therapy systems, we used the follow-
ing dose and Fyo, levels for the nasal cannula: 1 L/min and
0.24, 2 L/min and 0.28, 3 L/min and 0.32, and 4 L/min and
0.36; and, for the simple face mask, these were as follows:
5—6 L/min and 0.4, and 7-8 L/min and 0.5.

In both groups, setFio, was adjusted to maintain Spo,
= 95%. However, for subjects in chronic respiratory
failure, the attending physician adjusted the setFjo, to
maintain an S,o, of 88-95%. Protocol treatments were
continued for up to 48 h. Oxygen therapy was terminated
or changed to a normal nasal cannula if the required
setFjo, decreased to <0.3 because a large-volume nebu-
lization-based humidifier could not deliver gas with an
set Fio, = 0.3. The attending physician also discontinued
the protocol treatment if oxygen therapy was needed after
48 h and considered using other oxygen therapies or
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Table 1.  Characteristics of Subjects at Baseline

HENC Nebulizer

Characteristic Group Group P
(n=30) (n=139)
Age, mean = SDy 72 + 18 71 + 16 .83
Female, n (%) 12 (40) 8 (21) A1
BMI, mean = SD kg/m? 22 +4 21 +4 .19
APACHE II score, mean * SD 24 +7 22+6 38
SOFA score, mean = SD 8§+3 §+3 .88
Length of mechanical ventilation 52 6+3 40
before extubation, mean = SD d
Heart rate, mean = SD beats/min 78 £ 23 83 + 18 31
Mean artery pressure, mean *+ 89 = 18 90 = 17 .70
SD mm Hg
Glasgow coma scale score < 15, 22 (73) 30 (77) 78
n (%)
Breathing frequency, mean * 18*5 19*6 25
SD breaths/min
pH, mean = SD 747 £0.05 7.46 = 0.05 57
P,0,, mean = SD mm Hg 76 = 13 72 £ 11 12
P,co,, mean = SD mm Hg 44 + 7 41 = 6 .10
Paico, > 45, n (%) mm Hg 11 (37) 9(23) .29
P,co,/Fiozse, mean = SD mm Hg 227 + 43 216 = 37 25
T-piece, n (%) 0(0) 4 (10) 13
Diagnosis, n (%)
Respiratory infection 17 (57) 20 (51) .81
Sepsis 4(13) 8 (21) .53
Acute heart failure 1(3) 2(5) >.99
Other 8 (27) 10 (26) >.99
History, n (%)
COPD 1(3) 3(8) .61
Chronic cardiac disease 8 (27) 5(13) 21

HFNC = high-flow nasal cannula

Nebulizer = a large volume nebulization-based humidifier
BMI = body mass index

APACHE = Acute Physiology and Chronic Health Evaluation
SOFA = sequential organ failure assessment

mechanical ventilation. If the following criteria were
met, even at the maximum set Fjo, after extubation, then
noninvasive ventilation or re-intubation was performed:
breathing frequency = 30 breaths/min, P,o, < 70 mm
Hg, pH < 7.3, or Pyco, > 60 mm Hg. Re-intubation was
performed if the respiratory status did not improve with
noninvasive ventilation or if the subject showed evidence
of airway obstruction, severe circulatory failure, cardiac
arrest, or coma.

Data

We recorded the characteristics of each subject at
enrollment, cause of respiratory failure, APACHE (Acute
Physiology and Chronic Health Evaluation) II score, and
SOFA (Sequential Organ Failure Assessment) score. We
also recorded breathing frequency, Spo,, arterial blood gas
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Table 2.  Main Outcomes
Parameter HENC Group, n/N (%) Nebulizer Group, n/N (%) QOdds Ratio (95% CI) P

Subjects 30 39
Re-intubation within 7 d 5/30 (17) 6/39 (15) 1.10 (0.24-4.88) >.99
Reason for the re-intubation

Sputum obstruction 2/30 (7) 3/39 (8)

Hypoxia 2/30 (7) 1/39 (3)

Shock 0/30 (0) 2/39 (5)

Laryngeal edema 1/30 (3) 0/39 (0)
Re-intubation within 48 h 2/30 (7) 5/39 (13) 0.49 (0.04-3.28) .69
Re-intubation or NIV within 48 h 2/30 (7) 8/39 (21) 0.28 (0.03-1.58) 17
Time using each device in subjects not re-intubated

0-24h 2(7) 11 (28)

24-48 h 13 (43) 16 (41)

=48 h 13 (43) 7 (18)

Difference (95% CI)

Length of oxygen therapy within 7 d after extubation 5.6 £ 1.8% 59 = 1.6 —0.3 (—1.15t0 0.49) 43
Length of ICU stay within 7 d after extubation 44+ 1.8* 3.8 = 1.8* 0.6 (—0.30 to 1.46) .19
*Mean = SD d.
HFENC = high-flow nasal cannula
Nebulizer = large volume nebulization-based humidifier

NIV = noninvasive ventilation

parameters (pH, P,0,, Paco,, and arterial oxygen satura-
tion), discomfort, and set Fo, for respiratory status at 1, 6,
24, and 48 h, and at 5 and 7 d after extubation. We eval-
uated discomfort on a scale of 0—10 by using the numeri-
cal rating scale or the faces pain scale. We also reported
the following severe adverse events: death or life-threat-
ening clinical features, extension of hospitalization pe-
riod, persistent or prominent disability or dysfunction,
and permanent disability and dysfunction due to the pro-
tocol treatment.

End Points

The primary end point was the re-intubation rate
within 7 d after extubation. Secondary end points were
Pao,/setFio,, length of ICU stay, and oxygen therapy
within 7 d after extubation.

Sample Size

In the previous study by Maggiore et al,” re-intubation
was performed in 2 of 53 subjects (3.8%) in the HFNC
group and in 11 of 52 subjects (21.2%) in the control group.
The re-intubation rate in the HFNC group was thus
decreased to 0.18 times that of the control group. Re-intu-
bation rates of 3-19% have been reported.'> These rates
vary according to the extubation protocol or patient popula-
tion. In our department, the re-intubation rate for patients
who received mechanical ventilation for >24 h and had

RESPIRATORY CARE ® MAY 2020 VoL 65 No 5

respiratory failure at extubation was 17.1% in the period
from May 20, 2012, to April 30, 2013. Therefore, we
hypothesized that the re-intubation rate could be decreased
t0 3.1% (0.18 x 17.1%) in the intervention group. We cal-
culated the sample size for testing this hypothesis. When
the « error was set to 0.05 and the detection power was set
to 80%, the required number of cases was 86 in each group.
We also estimated the number of eligible patients to be 60
per year and set the study period at 2 years and 8 months.

Statistical Analysis

The Fisher exact test was used to analyze categorical
variables, including the primary end point. The Student ¢
test was used for between-group comparisons of contin-
uous variables. Statistical significance was set at P <
.05. All analyses were performed by using R ver. 3.4.1
(R Foundation for Statistical Computing, Vienna, Austria).
All analyses included only the subjects who had no missing
data on the relevant variables.

Results

A total of 72 subjects were enrolled in this study between
August 2015 and March 2018. We could not recruit enough
subjects for the sample size we designed. After discussions
with the steering committee, the study was discontinued
because the time required to reach the target number would
have been too long. We analyzed 69 subjects, 30 in the
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Fig. 2. Re-intubation rate in each group. HFNC = high-flow nasal
cannula. P = .97, log-rank test.

HENC group and 39 in the nebulizer group (Fig. 1). Chara-
cteristics of the subjects were similar between the two
groups (Table 1). Of the subjects included in the analysis,
the mean age was 72 = 18 y in the HFNC group and
71 = 16y in the nebulizer group, and 75% had a Glasgow
coma scale score of <15 within 3 h before extubation. The
main cause of respiratory failure was pneumonia (56%),
and the mean duration of mechanical ventilation was 6 d.
Twenty subjects (29% of total) had hypercapnic respiratory
failure. The mean P,o,/Fio, within 3 h before extubation
was 221 mm Hg.

The re-intubation rate within 7 d was not significantly
different between the HFNC versus nebulizer groups
(5/30 subjects [17%] vs 6/39 subjects [15%], P > .99).
The length of ICU stay and oxygen therapy within 7 d

were also not significantly different (Table 2). The timing
of re-intubation tended to be later in the HFNC group
(Fig. 2). The most common indication for re-intubation
was desaturation or atelectasis due to ineffective airway
clearance (2 in the HFNC group, 3 in the nebulizer group)
(Table 2). P,o,/setFio, showed the greatest difference
within 24 h after extubation between the groups, but no
statistical significance was observed (mean = SD, 264 =
105 mm Hg in the HFNC group vs 224 = 53 mm Hg in
the nebulizer group; P = .07) (Fig. 3).

In a subsequent exploratory analysis, the P,o,/set Fjo, in
the subgroup with a duration of mechanical ventilation < 7
d was significantly higher in the HFNC group than in the
nebulizer group at 24 h and 48 h after extubation (at 24 h:
270 mm Hg vs 220 mm Hg [P = .045]; at 48 h: 329 mm
Hg vs 243 mm Hg [P = .048]) (Table 3). The degree of dis-
comfort experienced during the protocol treatments was not
significantly different between the two groups, but there
were many missing values (21% of total) (Table 4). One
severe adverse event was recorded after protocol treatment
in the HENC group (cardiac arrest due to airway obstruc-
tion by a mucus plug).

Discussion

Although several clinical studies investigated HFNC
therapy after extubation,”'*'® to our knowledge, this is the
first randomized controlled trial of HFNC in the postextu-
bation management of adult subjects who were critically ill
in comparison with the routine use of a heated humidifier
in the control group. This study was discontinued when
40% of the planned sample size was enrolled because
reaching the target number of subjects was judged to be dif-
ficult. However, the primary outcome was almost the same
in both groups at the time of discontinuation. Because
the sample size we calculated was unlikely to yield a

— HFNC
400 4 --- Nebulizer

0 T T T

Protocol treatment

Baseline 1h 6h

Fig. 3. Set P,0,/Fio, for each group. HFNC = high-flow nasal cannula.
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Table 3. P,o,/setFjo, in the Subgroup of the Duration of Mechanical Table 4.  Comparisons of Discomfort
Ventilation
Area of HENC Group, Nebulizer Group, Missing
Duration of Median (mm Hg) Difference (mm Hg) Discomfort median (25-75%) median (25-75%) P Data,
Mechanical Ventilation (min, max) (min, max) (n=130) (n=139) n/N (%)
<7d Atlh
HENC Nasal 0(0-4.5) 0 (0-2.5) 78 14/68 (21)
Before extubation 22 228 (171, 327) Oral 0(0-3) 0(0-3) 94 14/68 (21)
After extubation Pharynx 1(0-4) 2 (0-4.5) 44 14/68 (21)
1h 22 200 (118, 323) —25(—83,71) At6h
6h 22 199 (114, 370) —18 (—137,103) Nasal 0(0-2) 0(0-3) 92 10/65 (15)
24h 21 270 (168, 523) 29 (—60, 260) Oral 0 (0-2) 0 (0-3) .82 10/65 (15)
48 h 21 329 (168, 507) 90 (—66, 256) Pharynx 0 (0-3.5) 1.5 (0-4.0) .87 10/65 (15)
Nebulizer At24 h
Before extubation 22 225 (140, 303) Nasal 0 (0-2.75) 1(0-3.0) 27 12/50 (24)
After extubation Oral 0(0-2) 0.5 (0-3) 56 12/50 (24)
1h 22 204 (120, 335) —28 (—72, 136) Pharynx 0 (0-2.75) 3 (0-5.0) .65 12/50 (24)
6h 21 227 (126, 342) 2 (=99, 106) At48 h
24 h 18 220 (140, 339) 1(=97,111) Nasal 0 (0-3.75) 0 (0-1.5) 93 6/20 (30)
48 h 17 243 (126, 441) 29 (=74, 170) Oral 0(0-3) 0(0-3) .84 6/20 (30)
=7d Pharynx 0(0-4.5) 0 (0-1.5) .87 6/20 (30)
HFNC I —
Before extubation 8 221 (1537 290) Fa(fcs pain s?cale or numerical ra‘%ng scale, 0-10.
This analysis used the Mann-Whitney U test.
After extubation HFNC = high-flow nasal cannula
1h 8 204 (108, 264) —23(-98,57) Nebulizer = large-volume nebulization-based humidifier
6h 8 164 (150, 243) -2 (—78,8)
24 h 8 173 (113, 306) —41 (—120, 141)
48 h 7 188 (143,407) —10 (—84,241) This study included subjects who were hypercapnic.
Nebulizer However, because we carried out the SBT without inspira-
Before exmb""ﬁon 16 218 (156, 284) tory pressure augmentation, the patients who required non-
After extubation invasive ventilation shortly after extubation due to severe
lh 15 164 (102, 254) —55 (—124, 40) . . . .
6h 4 202(122,291) 20 (_132.74) respiratory acidosis W(?re.not enrolled. Thl.S study could not
24 h 12 223(108,303) 2 (—88.74) demonstrate the supgnorlty of HENC. Thlg was in cotltrast
48h 13 292 (191,329) 52 (—65, 205) to the results of studies by Maggiore et al” and Hernandez

HENC = high-flow nasal cannula

Nebulizer = a large-volume nebulization-based humidifier
min = minimum

max = maximum

significant difference, we believe that the discontinuation
of this study was valid. Due to early discontinuation, we
could not achieve sufficient power to demonstrate that there
was no difference between the two groups. We believe that
large exploratory studies will be needed to analyze whether
a true difference exists between the re-intubation rates.

The American Thoracic Society recommends that the ini-
tial SBT be carried out with inspiratory pressure augmenta-
tion (5-8 cm H,O) for patients on mechanical ventilation for
>24 h'7; however, we administered the SBT with continu-
ous positive airway pressure or T-piece based on recommen-
dations of the Japanese academic societies (https://www.
jsicm.org/pdf/kokyuki_ridatsul503b.pdf, Accessed March
10, 2019). The re-intubation rate within 48 h in the nebulizer
group in this study was 13%, consistent with the findings of
a previous study.'?

RESPIRATORY CARE ® MAY 2020 VoL 65 No 5

et al,'” which showed that HFNC reduced the re-intubation
rate. Therefore, we believe that there are several other rea-
sons besides the lack of statistical power.

First, the effect of ineffective airway clearance may
have been reduced equally in both groups due to the
heated humidifier. There was no significant difference
in the re-intubation rate due to airway failure. Second,
compared with previous studies, our study population
included subjects who were older or who had been on
mechanical ventilation for a longer duration.’'° For such
patients with prolonged mechanical ventilation, the rea-
son for re-intubation is often airway failure.'® Therefore,
differences due to oxygen therapy might be unlikely in
this study. Furthermore, the increased P,o,/set Fio, noted
in the HFNC group was observed in only those with a
short duration of mechanical ventilation. It is likely that
the effectiveness of HFNC may be lost due to the longer
duration of mechanical ventilation, but our data are as yet
insufficient to prove this.

Third, although most previous studies compared the re-
intubation rate within 48-72 h,%'%!>1¢ we used a cutoff of
within 7 d in this study. Extubation failure is defined as re-
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intubation within 48 h after extubation.'> However, HFNC
has a higher automated Fjo, setting than conventional oxy-
gen therapy and maintains a mild positive airway pressure.
Therefore, it may be possible to prevent re-intubation
temporarily, even if the patient’s condition subsequently
worsens. Delayed re-intubation when using HFNC is asso-
ciated with poor prognosis,'® so we considered that a longer
observation period was necessary. Because of this longer
period, 3 subjects were re-intubated after the protocol treat-
ment in the HFNC group and the re-intubation rate within 7
d was equivalent in both groups.

Few randomized controlled trials compared HFNC with
conventional oxygen therapy in terms of the re-intubation
rate within 7 d. Futier et al** compared HFNC with conven-
tional oxygen therapy for patients after major abdominal
surgery but found no significant difference in the re-intuba-
tion rate after 7 d. A meta-analysis showed that HFNC
decreased the re-intubation rate but did not improve ICU
mortality,”’ which suggests that the preventive effect of
HENC therapy against re-intubation is temporary and that
respiratory status should be monitored after using HFNC.

As the benefit of HFNC oxygen therapy, the high flow
have been emphasized, however, the effect of heated
humidifier may be also important. Unlike previous studies
that compared various forms of oxygen therapy without a
heated humidifier,”'° this study used a large-volume nebu-
lization-based humidifier as a control and did not find a
decrease in the re-intubation rate due to airway failure in
the HFNC group. Therefore, the main factor in reducing the
re-intubation rate due to airway failure may be humidifica-
tion, not high flow.

In this study, which may have included many subjects at
high risk of airway failure, HFNC did not reduce the re-
intubation rate within 7 d. Furthermore, no improvement in
Pao,/set Fio, was seen in the subgroup with prolonged me-
chanical ventilation. Similarly, another study that targeted
subjects at high risk and after extubation found that HFNC
was not significantly superior to conventional oxygen ther-
apy.'® We suggest that the indications for HFNC in patients
at high risk be carefully reconsidered.

This study had several limitations other than the small
sample size and low recruitment rate. First, we did not
examine the amount of sputum and severity of cough.
Therefore, we could not confirm whether ineffective air-
way clearance at baseline was equivalent in both groups.
However, the subjects were not extubated if there was no
cough reflex because we assessed the airway risk of all
subjects before extubation based on recommendations of
academic societies in Japan (https://www.jsicm.org/pdf/
kokyuki_ridatsul503b.pdf, Accessed March 10, 2019).
We also could not evaluate whether the performance of
the heated humidifier in both devices was equivalent.

As an alternative, we evaluated the degree of discomfort
caused by the protocol treatments. In a previous study,’
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HENC therapy was found to be more comfortable com-
pared with the air-entrainment mask. Although there were
some missing data due to the subjects’ altered conscious-
ness from conditions such as dementia and delirium, there
was little discomfort and no significant difference between
the two groups in the present study. Thus, we successfully
prevented drying of the airway and facilitated airway clear-
ance in both groups. It has been reported that humidifica-
tion with low-flow oxygen therapy increases the risk of
infections and does not improve respiratory status*’; how-
ever, we could not collect data on infection as an adverse
event. Also, we used a conventional nasal cannula that was
not humidified when setFjp, was =0.3. Therefore, we
believe that the aerosol was more beneficial than harmful
to the subjects in our protocol.

Conclusions

Compared with a large-volume nebulization-based
humidifier, oxygen therapy via HFNC may not reduce
the re-intubation rate of subjects with respiratory failure
within 7 d after extubation. However, because of insuffi-
cient statistical power, further studies are needed to reach
a conclusion.
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